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the SU(6) quark spectator diquark model and in a perturbative QCD (pQCD) based 
model. It is shown that the A has the most significant difference in flavor structure at 
large x between the two models, though the flavor and spin structure of other baryons 
can also provide tests of different models. The Drell-Yan process for E beams on 
isoscalar targets can be used to test different predictions concerning the valence quark 
flavor structure of the T, ± . 
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1 Introduction 



Parton distributions of hadrons and the formation of hadrons from fragmentation of 
partons are of considerable current interest in the community of particle and nuclear 
physics. There have been remarkable achievements in our knowledge of the quark- 
gluon structure of the nucleon from three decades of experimental and theoretical 
investigations in various deep inelastic scattering (DIS) processes. However, there are 
still a number of unknowns concerning the detailed flavor and spin structure of the 
nucleon, such as the detailed origin of the proton spin Q, the strange content of the 
nucleon pi [3]], the flavor asymmetry of the sea Q, the isospin symmetry breaking 
at small x ||, and the flavor and spin structure of the valence quarks at large x 
0) IE H> H3> EH- ^ is important to perform high precision measurements of available 
physical quantities and/or to measure new quantities related to the flavor and spin 
structure of the nucleons, in order to have a better understanding of the quark- 



gluon structure of the nucleon. Nevertheless, it has recently been found [jE^ that the 
flavor and spin structure of the A-hyperon may serve as a new domain where the 
same physics that governs the structure of the nucleon can manifest itself. It was 
found that the flavor and spin structure of the quark distributions of the A differ 
significantly at large x from a perturbative QCD (pQCD) based analysis and a SU(6) 
quark-diquark model. A detailed analysis [O] of the available A-polarization data 
in e + e~ annihilation at the Z-pole supports the prediction that the u and d quarks 
inside the A should be positively polarized at large x, though their net helicities might 



be zero or negative. The most recent HERMES result |L4f of spin transfer to the A 



in deep elastic scattering of polarized lepton on the nucleon target also support the 



predictions of the SU(6) quark-diquark model and the pQCD based model jHJ . 

The direct measurements of the A quark structure are not easy since it is a charged 
neutral particle which cannot be accelerated as incident beam and its short life time 
makes it also difficult to be used as target. The simple reciprocity relation [15 

q h {x)ocD*(z), (1) 

where z = 2p ■ q/Q 2 is the momentum fraction of the produced hadron from the 
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quark jet in the fragmentation process and x = Q 2 /2p ■ q is the Bjorken scaling vari- 
able corresponding to the momentum fraction of the quark from the hadron in the 
DIS process, can provide a reasonable connection between different physical quanti- 
ties and lead to understandings of the A quark structure from the various quark to A 
fragmentations. However, such a relation is still not completely free from theoretical 
and experimentally uncertainties, though it may serve for our purpose as an approx- 
imate qualitative connection at a specific scale Q 2 , near x — » 1 and z — > 1 [lf| [L7] . 
Thus the direct measurement of the quark structure of other octet baryons other than 
the nucleon and A has a strong physical significance, and can provide a new direction 
to test different theories concerning the nucleon structure. 

The purpose of this paper is to extend the analysis of the quark structure from 
the nucleon and A cases to the other members of octet baryons. We will calculate the 
quark distributions for all of the octet baryons in the SU(6) quark spectator di quark 
model and in a perturbative QCD based model. There are two motivations for such 
a study: (1) to check the difference in flavor and spin structure of all octet baryons 
between the two models, and see which baryon has the most significant difference; 
(2) some charged baryons other than nucleons, such as T,^, may be used as beam 
to directly measure their own quark structure in case the structure of the target is 
comparatively well known. We will find that the A has the most significant difference 
at large x in the flavor and spin structure for a clean test of different predictions. We 
will also show that the E's have the most significant difference in the flavor and spin 
structure between the two models at medium to large x, and the measurement of 
Drell-Yan process for £ beams on the isoscalar targets can test different predictions 
of the quark structure of the £ baryons. It is more appealing that the A and £° 
have complete different flavor and spin structure though they are composed of same 
flavor quarks. 

We shall start Sec. II with the presentation of quark distributions of octet baryons 
in the SU(6) quark-diquark spectator model and in a perturbative QCD based model. 
We then compare the flavor and spin structure of all the octet baryons between the 
two models at large x. Then in Sec. Ill, we present the formulas for the Drell-Yan 
process using T, beams on isoscalar targets and show different predictions of cross 
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section ratios in the pQCD based model and in the quark spectator diquark model. 
Finally, we present conclusions in Section IV. 



2 The Quark Spin and Flavor Structure of Octet 
Baryons 

In this section, we extend the analysis of the quark structure of nucleons to all mem- 
bers of octet baryons using (1) the SU(6) quark spectator diquark model and, (2) a 
perturbative QCD (pQCD) based model. 

2.1 SU(6) Quark Spectator Diquark Model 

Before we look into the details of the spin and the flavor structure for the valence 
quarks of the octet baryons, we briefly review the analysis of the unpolarized and 
polarized quark distributions of nucleons in the light-cone SU(6) quark-spectator- 
diquark model |J. As we know, it is proper to describe deep inelastic scattering as 
the sum of incoherent scatterings of the incident lepton on the partons in the infinite 
momentum frame or in the light-cone formalism. The unpolarized valence quark 
distributions u v (x) and d v (x) of the proton are given in this model by 



where ai>(x) (D = S for scalar spectator or V for axial vector spectator) can be 
expressed in terms of the light-cone momentum space wave function (p(x, k±) as 



which is normalized such that f dxaoix) = 3 and denotes the amplitude for quark q 
to be scattered while the spectator is in the diquark state D. 

The quark helicity distributions for the u and d quarks in the proton can be 



u v (x) = -a s (x) + -a v (x); 
2 o 



(2) 




(D = S or V) 



(3) 
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written as 



Au v (x) = ul(x) - ul(x) = -±a v (x)W v (x) + \a s {x)W s {x); 
Ad v (x) = d\(x) - dl(x) = —~a v (x)Wv(x), 



in which Wv(x) and Ws(x) are the Melosh-Wigner correction factors |T8[ for the axial 
vector and scalar spectator-diquark cases. They are obtained by averaging 

(fc+ + m q f - kj 

(k+ + m q y + k] 



W D (x,k ± )= ^y„ , ^ , (5) 



over kj_ with k = xM. and M. — — x H x , where mo is the mass of the 

diquark spectator, and are unequal due to unequal spectator masses, which leads to 
unequal distributions. 

Now, we extend the above analysis of the valence quark distributions of the proton 
to that of the octet baryons. The valence quark distributions of the A in the SU(6) 



quark spectator diquark model have been analyzed in detail in Ref . [|T3j . The A wave 
function in the conventional SU(6) quark model is written as 

|A T ) = — -=[(u^d^ + d^n)) — {u^dJ + cfV)]s^ + (cyclic permutation). (6) 
2y 3 

The SU(6) quark-diquark model wave function for the A is written as 

= sin# f V \qV)Y + cos 9 <p s \qS)l l , (7) 

with 

\qV)Y = ±j-[V (ds)ul< 1 -V (us)(fl< 1 - V2V±(ds)u^ + V2V ± (us)d^}; 
\ q S)^ 1 = j E [S(ds)u^^ + S(us)d^^-2S(ud)s^\, 

where V Sz (qiq2) stands for a q\q 2 vector diquark Fock state with third spin component 
s z, S(qiq 2 ) stands for a q±q 2 scalar diquark Fock state, and (po stands for the momen- 
tum space wave function of the quark-diquark with D representing the vector (V) or 
scalar (S) diquarks. The angle 9 is a mixing angle that breaks the SU(6) symmetry 
at 9 7r/4 and in this paper we choose the bulk SU(6) symmetry case 9 = 7r/4. 

We analyze the valence quark distributions of the E° by extending the SU(6) 
quark-spectator-diquark model from the nucleon || and A [ 13 1 cases to the S°. Sim- 



ilarly, the S° wave function in the conventional SU(6) quark model is 



3 

— -{v)d^ + + c/V + d^v))s^ + (cyclic permutation). (9) 
6 

The SU(6) quark- diquark model wave function for the S° is written as 

^ = sinfl (pv\qV)^ + cos6 (p 3 \qS)^, (10) 



with 



\qV)^ = ±±[V2V {vd) 8 ™ - -^V (us)d u - -±=V {ds)u u (11) 
- 2V±(ud)s u + V±(us)d u + V±(ds)u u }; 



\qS)]£ = — )=[S(us)<fl' 1 + S(ds)u u ]. (12) 

Instead of writing the wave functions for other octet baryons as above, in Tab. 1 
we present all quark distributions of octet baryons in SU(6) quark spectator diquark 
model with the quark-diquark amplitude an with D — V, S. The Melosh-Wigner 
rotation effect in the quark spin distributions is denoted by the amplitude 

od = a D (x)W D (x), (13) 



In the calculation, we employ the Brodsky-Huang-Lepage (BHL) prescription |19 
of the light-cone momentum space wave function for the quark-spectator 

/ T \ a r I t m 2 + kl m 2 D + k 2 ±1 , 
<p(x, k ± ) = A D exp{-— r [ g + f / ]}, (14) 

with the parameter old = 330. Other parameters such as the quark mass m q , vec- 
tor(scalar) diquark mass myis) f° r baryons of the octet are listed in the table. 

The quark structure of the other members of the octet baryons are connected to 
the proton by SU(3) symmetry with the valence quarks q\ — u and q2 = d for proton 
replaced by qi and q2 in Tab. 2 for the corresponding baryon. In the quark spectator 
diquark model the exact SU(3) symmetry is broken due to the mass difference for 
different quarks and diquarks, as shown in Tab.l. 
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Table 1 The quark distribution functions of octet baryons in SU(6) quark- diquark model 



Baryon 


5 




An 




Tflq 
1 1VJ.C V J 


77J \ T 

1 1VAC V ( 


("MpVl 

l 1V_LG V I 


P 

(uud) 


u 


Q a V + 2 a S 




i - l- 
-jgfly + 2 a s 


■^n 


son 

ouu 


finn 

uuu 


r i 

Ui 


3 a v 


if ' 


- g ay 


oou 


ouu 


finn 

uuu 


n 

(udd) 


U 


3 a v 




- g ay 


•^n 

oou 


ouu 


finn 

uuu 


rl 

Uj 


|?ay + 2~ a S 






•^n 

oou 


son 

ouu 


finn 

uuu 


£+ 

f 11 US ) 


U 


\a-v + \ a s 


A?/ 




oou 


you 


1 ou 


S 


3 fly 


A<3 


9 ay 


4:OU 


ouu 


finn 

uuu 




U 


1 1 
l2 a V + 4 a S 


A?/ 




^n 

oou 


you 


7^0 
1 ou 




1 1 
j2 a V + 4 a S 


AW 




■^n 

oou 


you 


1 ou 


S 


3 ay 


A <3 


- 9 ay 


^tou 


son 

ouu 


finn 

uuu 


£- 
(dds) 


d 


guy t 2 a S 


Ad 




330 


950 


750 


s 


lay 


As 




480 


800 


600 


A 
(uds) 


u 


\ay + j^a$ 


Au 


-y^dy + j^as 


330 


950 


750 


d 


\ay + j^a$ 


Ad 


-j^ay + j^as 


330 


950 


750 


s 


\a s 


As 




480 


800 


600 


(dss) 


d 


1„ 


Ad 


- 9 ay 


330 


1100 


900 


s 


\a v + ia s 


As 


"is^y + 5«s 


480 


950 


750 


(uss) 


u 


±ay 


Au 


-|ay 


330 


1100 


900 


s 


1 1 

^ay + ^as 


As 


-jgdy + 


480 


950 


750 



The quark distributions in baryons of the octet which can be calculated by using 
the parameters in Tab. 1, are shown in Figs. 1-8 ( q\ and q<i for all octet baryons are 
specified in Tab. 2 ). We need to mention that our results are consistent with a recent 



calculation of the quark structure of the octet baryons in the MIT bag model |p0 
though there are some differences in the detailed features. 



2.2 Perturbative QCD Method 

We now extend the pQCD analysis of the quark structure of baryons from the A 



case [13] to all of the octet baryons. We adopt the canonical form for the quark 
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distributions, following Ref. 



qj(x) = - x) 3 + ^x-Hl - a;) 4 ; 

with i = 1,2, where B n = B(l/2,n + l) is the /^-function defined by B(l — a, n + 1) = 
Jq x~ a (l — x) n dx for a = 1/2. From (|15|), we obtain the valence quark normalization 
for quark q { 

N t = A qi +B m +C qi +D qi , (16) 
and the corresponding polarized distribution in the J p = | + octet 

AQ t = A qi + B qi -C qi -D qi , (17) 

which can be extracted by using SU(3) symmetry from EQi = Au + Ad + As w 0.20 



obtained in deep-inelastic lepton-proton scattering experiments [^TJ and the constants 
F = 0.459 and D = 0.798 obtained from hyperon decay experiments [[2~2]j . 

In a strict sense, the AQi obtained this way from SU(3) symmetry of the octet 
baryons should include both the contributions from the valence and sea quarks. How- 
ever, we know from the recent measurements from semi-inclusive charged meson pro- 



duction in DIS process [|23| , |24 | that the sea polarizations are consistent with zero, and 
the measured Au and Ad for the valence quarks are close to the Au and Ad above. 
We may simply adopt the pQCD case 2 of Ref.|T^] with only the leading term for 
valence quarks (i.e., we set Bi = and Di = 0) as an example for the pQCD predic- 
tions of the quark distributions. However, to reflect the situation that the real quark 
distributions are actually more complicated, we shall adopt the pQCD case 3 with 
the quark helicity sums AQi and AQ 2 as given in Tab. 2 to parameterize the quark 
distributions, based on the above forms Eq. ([15]) for the valence quark distributions. 
In Tab. 2, the ratio 



A qi 

T 

reflects the x — > 1 behaviour of ■^■(x) in a baryon. For every baryon, there are 



five constraints given by Eqs.([l6])- (p!BD , which then result in three free parameters, 
chosen as A qi , C qi and C q2 , which should be actually further constrained by relevant 



data. Here we are not intend to determine these parameters with their exact values. 



However, we find, as an example, one set of parameters with the values A 
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a 



31 



3 and C q2 = 2 for the nucleon can give a rough shape of quark flavor and 



spin distributions in the nucleon. We also find that the parameters with the values 



Aqi — 2, C qi 



2 and C q2 = 2 for the A can be used to give a good description of the 



A-polarization [13|. Since we know little about the quark distributions in the S°, its 
input parameters are taken to be the same as those for the A . The input parameters 
for the other octet baryons are taken to be the same as the nucleon in consideration 
of the symmetry among them. All other parameters determined according to the 
constraint conditions are listed in Tab. 2. 



Table 2 The parameters for quark distributions of octet baryons in pQCD 
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The quark distributions in octet baryons calculated according to the parameters 
in Tab. 2 are shown in Figs. 1-8. By comparing the results (see Figs. 1-8) obtained by 
using the SU(6) quark-diquark model and the pQCD based model, one can find the 
following interesting features at x — > 1, for all of the other octet baryons besides A : 



■Aq2(x)\ 

• q2{x) )Diquark 

■ A<? 2 Qh 

. q2 (x) JpQCD 



1. 

3' 

1. 



In addition, the two models also predict different quark flavor structures 

v qi (x) / Diquark ' u j 

' q2(x) \ 1 
y qi (x)J'PQCD — > 5 , 
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for all other octet baryons besides £° and A. This corresponds to s(x)/u(x) in £ . 
In case of the £° with q x = u, d and q 2 = s, we find 

v qUx) I Diquark * U, 

'£2(£h __. 2 

^ qi (x)'PQCD 5 , 

which is with bigger difference of the flavor structure at large x between the two 



models. However, for the A with qi = s and q 2 = u, d, we know that |L2, pT3 



v qi(x) ) Diquark u i 
( < q7(x))pQ CD ~^ \l 

which has the largest difference in the flavor structure at large x between the two 



models among all the baryons. This supports the conclusion in Ref. |T2| that the spin 
and flavor structure for the A can provide a clean test of different models. We notice 
that q\ in Tab. 2 in both models is the dominant quark contributing to the main spin 
and valence structure at large x, and also that: 

' Agi(a) \ i . 

v q 1 r x \ J Diquark x i 



- Aqi(x) 



J^fpQCD 



1. 



Therefore the difference between the two models mainly come from the valence quark 
q 2 - We have also neglected the contribution of sea quarks and their polarizations, 
although they may have small contribution at small x. 

It is interesting to notice that the E's have the most significant difference in the 
flavor and spin structure between the two models at medium to large x region and this 
feature makes it possible to have tests between pQCD and the quark-diquark model 
predictions, as we will discuss in the following section. It is even more appealing that 
the A and E° have complete different flavor and spin structure (remember also that 
q% = u,d and q 2 = s for the E° whereas q\ = s and q 2 = u,d for the A) though 
they are composed of same flavor quarks. Thus it is more novel to check the different 
predictions concerning the flavor and spin structure of the A and S°, or S . The £ 
has close flavor structure compared to that of £° (even we chose different sets of input 
parameters as can be found from Tab. 2), thus measurement of £ is also helpful for 
our understanding of the £° structure. 
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3 Drell-Yan Process for E Beams on Isoscalar 
Targets 



Although the A can provide a clean test of the different flavor and spin structure 
between the two different models, it is still not possible to make a clear distinction 
between the above two predictions with the available data of the A-polarization in 
the e + e~ process near the Z-pole ||13||. We also need a connection between the quark 



distributions inside the A and the quark fragmentation into a A and such a connection 
is still not free from theoretical and experimental uncertainties. As we pointed out 
in the introduction, direct measurement of the quark structure of a charged octet 
baryon is free from the requirement of a connection between the quark distributions 
and the quark fragmentation functions, in order to study the quark structure of other 
baryons other than the nucleon. It was also pointed out in Ref. []T2]| that the charged 



particles, E 1 * 1 or 5™, may be used as beam in the Drell-Yan process, to test different 
predictions concerning the quark structure of the involved baryons. The Drell-Yan 
process has been widely used experimentally to study the quark structure of the 
nucleon |[25|| . Using the E ± as beam in Drell-Yan processes has been suggested |^6| 
for the purpose of studying the flavor asymmetry in the sea of the baryons. In this 
section, we consider the Drell-Yan process for E on isoscalar targets and show that 
it is also a useful tool in order to study the flavor structure of E 1 * 1 at medium to large 
x, in order to test different predictions of the pQCD model and the quark spectator 
diquark model. 
For the process 

en i + rx, (19) 

the cross section can be written as 

C7(EAT) = ^=K(x u x 2 ) ]T ej^(x 1 )g / (x 2 ) + q^q^)}, (20) 
J v r / 

where sfr = Mj \fs, M is the mass of the dilepton pair. The factor K(xi, x 2 ) is due 
to higher-order QCD corrections. More specifically, 

o-(E + p) = ^^K(x 1 ,x 2 ){-[u E+ (x 1 )u(x 2 ) +u s+ (x 1 )u(x 2 )] 
yyr y 

11 



+ -[cF (x 1 )d(X 2 ) + d (x 1 )d(x 2 )] 
9 

+ l[s J ' + (x 1 )s { x 2 ) + s E+ (x 1 )s(x 2 )]}, (21) 

and 

a(T, + n) = ^^=K(xi,x 2 )Au J]+ (xi)d(x 2 ) + lf + ( y x 1 )d(x 2 )} 
y yr y 

+ nt rfS {xi)U(X 2 ) + d {x l )u(x 2 )\ 

y 

+ ^ + {x 1 )s ( x 2 )+^ + ( < x 1 )s{x 2 )]}. (22) 

By using charge symmetry, i.e., w s+ <-> cF , d s+ <-> w s , TZ S+ <-> c? S , and rf S <-> 
U s , one can obtain the cross section of Y,~N as 

<j(£ - p) = ^^K(a;i,a;2){i[M S+ (a;i)rf(a;2) +w s+ (a;i)(i(a;2)] 
yy r y 

+ ^[<i s+ (a;i)ll ( a;2) + rf S (x 1 )u(x 2 )] 

+ h s j:+ (x 1 )s(x 2 ) + s j:+ (x 1 )s(x 2 )]}, (23) 
y 

and 

<r(E~n) = -^^K(x 1 ,x 2 ){-[u s+ (x 1 )u(x 2 ) +u' E+ (x 1 )u(x 2 )} 
yyr y 

+ ^[d s+ ( Xl )d(x 2 ) + d E+ (x 1 )d(x 2 )] 

+ hs^ixJsix^ + s^ixM^)]}- (24) 
y 

Considering an isoscalar target with the nucleon number of A, we obtain the cross 
section 

CT+ = o-(S + A) = ^^^K(x 1: x 2 ){^[u s+ (x 1 )u(x 2 )+u j:+ (x 1 )u(x 2 ) 
+ vP + (x 1 )d(x 2 ) +v s+ (x 1 )d(x 2 )] 

+ -[d^ + (x^d^^ + d E+ (x 1 )u^x 2 ) (x 1 )d(x 2 ) + rf E (xi)u(x 2 )] 

y 

+ i[2s s+ (x 1 )s (a ;2)+2s s+ ( a ; 1 ) S(a :2)]}; (25) 
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a = ct(E A) = ^^^K(x 1 ,x 2 ){^[u T ' + (x 1 )d(x 2 ) + (x 1 )d(x 2 ) 
+ (x 1 )u(x 2 ) +u s+ (x 1 )u(x 2 )] 

+ ~[d (xi)u(X 2 ) + dP {xi)d(X 2 ) + d (xi)u(x 2 ) + d (xi)d(x 2 )} 
9 

+ ^-[2s j:+ (x 1 )s { x 2 ) + 2s s+ (x 1 )s { x 2 )]}. (26) 

Choice of different ranges of the variables x\ and x 2 and different combination of 
the targets with different isospin properties can help us to pin down the information 
for the various quark distributions of the H ± . The purpose of this paper is to study 
the valence quark structure of the E at medium to large x. Considering the fact 
that valence quarks dominate in the hyperons at medium to large x, we obtain 

a + (x u x 2 ) = ^^^K(x 1 ,x 2 ){^\ L u^ (x 1 )[u(x 2 ) + d(x 2 )] + ^s s+ (xi)s(x 2 )}; (27) 

a~(x 1 ,x 2 ) = ^^^K(x 1 , x 2 ){]-u s+ (xi)[u(x 2 ) + d(x 2 )} + ^s s+ (xi)s(x 2 )}. (28) 
9yr I y y 

Furthermore, we introduce the ratio 

t (x x) - £^H)_i!iiri^ (29) 

where the ratio k(x 2 ) = 2s(x 2 ) / (u(x 2 ) + d(x 2 )), which denotes the strange quark con- 
tent of the nucleon. n = 2s/ (u + d) with x 2 in the quark distributions being integrated 
has been determined experimentally in neutrino- induced charm production 28, ^9 
to be in the range 0.373lo;o4i ± 0.018 < k < 0.57 ± 0.09. Actually, we find that the 
ratio k(x 2 ) varies from 0.547 to 0.404 while x 2 increasing from 0.001 to 0.7 according 
to the parameterizations of CTEQ [|30]]. We take x 2 = 0.3 and then the value of k(x 2 ) 
is 0.44, the predictions of T v both in pQCD based and SU(6) diquark spectator mod- 
els are shown in Fig. 9. The deviation between pQCD and diquark predictions for Ty 
is large enough in order to be used to test the flavor structure of E . We point out 
here that the above Ty(xi, x 2 ) is only one example for the quantities that could show 
the difference between the two predictions, other quantities, such as , could be 

an alternative quantity to test different predictions. 
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The use of the variables x\ and x 2 is convenient for theoretical calculations and 
they signify the light-cone momentum fractions carried by the two colliding quarks 
in the beam hadron and target hadron. In the experimental measurements, it is 
convenient to use the experimental variables r = M 2 /s, where M is the mass of the 
dilepton pair and s is the square of the total energy in the center of mass frame, and 
y, which is the rapidity of the dilepton pair, instead of the variables x\ and x 2 . The 
two variables r and y, when expressed in terms of X\ and x 2 , read 



Thus we can express the quantity T v as a function of r and y. It will be helpful if 
we can measure T v (r,y) near the experimentally most accessible values of r and y, 
and also find significant differences between the predictions of the two models. We 
present T v (r, y) in Figs. 10-11 for two cases: (i) at fixed y = by using r as a variable 
in Fig. 10, and (ii) at fixed r = 0.02 by using y as a variable in Fig. 11. We find 
significant differences between the two predictions, thus it is possible to check the 
flavor structure by measuring the quantity T v (r,y). 

In principle we may extend the discussion to the case where the charged octet 
baryon S~ is used as the beam. In this case s is the dominant valence quark and d is 
the less dominant valence quark at large x inside S~. Thus for the Drell-Yan process 



t = x 1 x 2 ; 



1 , ( X! 



(30) 



from which we get the two variables x\ and x 2 in terms of r and y 



Xi = e y \fr; 
x 2 = e~ y ^/r. 



(31) 



e~n -> rrx, 



(32) 




- 1 =K{xi,x 2 ){-\u r - (xi)u(x 2 ) + ur (x 1 )u(x 2 )] 
yr 9 

[cT (xijd(X 2 ) + cT (xi)d{x 2 )] 



[s- {xi)s(X 2 ) + s = (x 1 )s(x 2 )]}, 



(33) 
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and 



8na 2 4 — - 

cr(H n) = -—=K(xi,x 2 ){-[vr (x 1 )d(x 2 ) +vT (x 1 )d(x 2 )} 
yyr y 

+ ifc/" (xi)u(X 2 ) + cT (xi)m(x 2 )] 
9 

+ i[s H "(x!)s ( x 2 ) + s 3 ~(;d)s(x 2 )]}. (34) 

Considering the fact that the valence quarks s and d dominate in the S~ at large x, 
we obtain 

a p (x 1 ,x 2 ) = -^=K(xi,x 2 ){~d a (xi)d(x 2 ) + ~s~ (xi)s(x 2 )}; (35) 
9y r y y 

87ra 2 1 ~- _ 1 — 

a n (xi,x 2 ) = -—=K(xi,x 2 ){-d a (x 1 )u(x 2 ) + -s = (xi)^)}, (36) 
y^r y y 

from which we have 

Act = a p (x 1 ,x 2 ) - a n {x u x 2 ) = ^=K(xi,x 2 ){\d r ' {x x )\d{x 2 ) - u(x 2 ))}, (37) 

yyr y 

where the behavior of d(x 2 ) — u(x 2 ) is relatively well known from available studies 
on the Gottfried sum rule violation 0]. Thus the valence quark distribution gP (x) 



can be measured by using Eq. (|37|) , and then substitute the measured d^ (x) into 
Eq. (^) or ( |55]) one can obtain the dominant valence quark s a (x) and check different 
predictions, if the data precision is high enough. 

We would like to mention that in principle it should be possible to measure the 
spin structure of E ± from processes in which polarized S ± beams are involved, such as 
the spin-dependent Drell-Yan process. However, it is difficult to obtain polarized S 1 * 1 
beams. Therefore, it might be comparatively easier to use various S ± fragmentation 
processes as has been suggested for the A case |L2|, [13], [l7j to study the spin and flavor 
structure of A , though this may suffer from uncertainties in the connections between 
the quark distributions and fragmentation functions. The spin structure of £ can be 
measured from polarized S 1 * 1 fragmentations in processes such as e + e~ annihilation 
near the Z-pole and semi-inclusive deep inelastic scattering. 
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4 Summary 



We found in this paper that A has the most significant difference in the flavor struc- 
ture at large x, compared to that of other octet baryons, between the SU(6) quark 
spectator diquark model and the pQCD based model, and this supports the conclu- 
sion in a previous study J12] that the A can provide a new domain to test different 
models concerning the flavor and spin structure of the nucleon. However, for the A 
we still need a connection between the quark distributions inside the A and a quark 
fragmentation into a A, due to the fact that A is a charge neutral and therefore cannot 
be used as beam and its short lifetime makes it also difficult to serve as the target. In 
order to avoid the theoretical and experimental uncertainties concerning the connec- 
tion between quark distributions and quark fragmentations, it is meaningful to find a 
charged baryon with also different flavor and spin structure between the two models. 
In order to test the flavor structure of octet baryons, we turn our attention in this 
paper on the flavor structure of S 1 * 1 , which has the most significant difference between 
the two models at medium to large x. The ratio Ty of Drell-Yan total cross section of 
S + beam to that of S~ beam to the isoscalar targets is sensitive to different models. 
The measurement of Ty can offer further information for a distinction between differ- 
ent predictions concerning the flavor structure of octet baryons. It is more interesting 
that the A and S° have complete different flavor and spin structure though they are 
composed of same flavor quarks. The E ± have similar flavor structure compared to 
that of S°, thus measurement of E is also helpful for our understanding of the E° 
structure. 
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Figure 8' A = ^Hl^jDiquark _ ^ Agi ^Diquark Q _ ^ Ag2 ^Diquark ^ _ ^q2_*jpQCD ^ 

{^) pQCD and c = (^f ) pQCD for the S° in which g x = s and g 2 = u. 
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Figure 9: The T v (xi,x 2 ) in the SU(6) quark-diquark and pQCD based Models at 
fixed rr 2 = 0.3 as a function of x — x±. 
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Figure 10: The T v (r, y) in the SU(6) quark-diquark and pQCD based Models at fixed 
y = as a function of r. 





Figure 11: The Ty(r, y) in the SU(6) quark-diquark and pQCD based Models at fixed 
r = 0.02 as a function of y. 
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